INTRODUCTION
============

Although the Child-Pugh classification is widely used in clinical evaluation and for the prognosis of patients with liver cirrhosis, it is subjective in actual classification, lacks a discriminating ability and excludes factors other than liver function, which can pose problems for prognosis^[@b1-kjim-19-3-165-6])^. In particular, since liver transplantation is the most important treatment modality in patients with late stage liver cirrhosis, prognostic indices for an accurate prognosis, in addition to the Child-Pugh score, are needed for late stage liver cirrhosis patients subjected to liver transplantation. Recently, new prognostic models, such as the model for end stage liver disease (MELD), were proposed for predicting the survival of patients with liver cirrhosis^[@b1-kjim-19-3-165-6]--[@b3-kjim-19-3-165-6])^. However, there seems to be little reason why the MELD score should replace the well established Child-Pugh classification in the prognosis of patients with liver cirrhosis^[@b4-kjim-19-3-165-6],[@b5-kjim-19-3-165-6])^. Portal hypertension and hyperdynamic circulatory changes are major complications that develop in most patients with liver cirrhosis. The development of ascites and variceal bleeding in patients with liver cirrhosis are the consequence of portal hypertension and systemic hemodynamic abnormalities, such as decreased arterial resistance and increased cardiac output^[@b6-kjim-19-3-165-6],\ [@b7-kjim-19-3-165-6])^. Since these hemodynamic abnormalities progress with liver disease, they are essential for making the survival prognosis^[@b8-kjim-19-3-165-6],\ [@b9-kjim-19-3-165-6])^. Therefore, our aim was to determine the hemodynamic prognostic factors that could represent the survival prognosis in patients with liver cirrhosis and the time and priority for the application of a liver transplantation.

MATERIALS AND METHODS
=====================

1. Subjects
-----------

Between December 1999 and June 2003, a total of 103 patients with liver cirrhosis, with a mean follow-up period of 73 weeks, ranging from 7 to 168 weeks, were included in this study. The mean age of these patients was 49.7±9.8 years (28--71), with 96 male and 7 female patients. The etiology of cirrhosis were alcohol induced, associated with hepatitis B surface antigen or hepatitic C antibody, both alcohol induced and viral and cryptogenic in 74, 10, 16 and 3 subjects, respectively. The diagnosis of cirrhosis was based on liver histology or by the combination of portal hypertension, and the clinical and ultrasonographic findings. Thirty-six. 49 and 18 of these patients belonged to Child-Pugh classes A, B and C, respectively. The MELD score was 11.8±4.3 (6--27). During the follow-up period, 30 patients died ([Table 1](#t1-kjim-19-3-165-6){ref-type="table"}).

2. Methods
----------

For the hemodynamic studies, the mean arterial pressure, heart rate, hepatic venous pressure gradient (HVPG), flow rates of the portal and splenic veins, and pulsatility index (PI) of the hepatic, splenic and renal arteries were measured. The HVPG and PI are representative of the portal pressure and arterial resistance, respectively. The HVPG was measured by hepatic vein catheterization. The portal and splenic venous flows and the PI of the liver, spleen and kidney were evaluated by Doppler ultrasonography using a 3.5MHz convex probe (SSD-1700, Aloka, Tokyo, Japan). The mean arterial pressure was noninvasively measured with an automatic sphygmomanometer (Hewlett-Packard M1205A; Hewlett-Packard, Palo Alto, CA, USA). The heart rate was derived from continuous electrocardiogram monitoring.

### (1) Measurement of hepatic venous pressure gradient

The right hepatic vein was percutaneously catheterized through the femoral vein, and the pressure in both the wedged and free positions was recorded using a 7 French balloon-tipped catheter. The HVPG was determined by subtracting the free hepatic venous pressure from the wedged hepatic venous pressure ([Figure 1](#f1-kjim-19-3-165-6){ref-type="fig"})^[@b10-kjim-19-3-165-6]--[@b12-kjim-19-3-165-6])^.

### (2) Measurement of Doppler indices of venous flow and arterial resistance in the liver, spleen, and kidney

The portal venous velocity and cross-sectional area of the portal vein were estimated from a subcostal scan at its crossing point with the hepatic artery. When the sample point was adjusted to the center of the portal vein, the portal venous velocity was recorded during quiet suspended expiration, which was averaged over a few seconds. The portal venous flow was determined by the following formula: cross-sectional area × mean velocity × 60^[@b13-kjim-19-3-165-6])^. The mean velocity of the splenic vein was also measured at the splenic hilum, and the blood flow of the splenic vein was determined using the same method as for the portal vein. Measurement of the PI by Doppler ultrasonography allowed assessment of the arterial resistance^[@b14-kjim-19-3-165-6]--[@b16-kjim-19-3-165-6])^. After the interlobar artery of the kidney was identified, using color flow, the time velocity wave of the Doppler signal from the interlobar artery was recorded by applying the Doppler sample volume. Tchrough the time velocity wave, the peak systolic velocity, end diastolic velocity, and mean velocity were measured and the renal arterial PI \[(peak systolic velocity - end diastolic velocity)/mean velocity\] determined ([Figure 2](#f2-kjim-19-3-165-6){ref-type="fig"})^[@b11-kjim-19-3-165-6],\ [@b14-kjim-19-3-165-6]--[@b16-kjim-19-3-165-6])^.

Using right intercostal scanning of the liver, the branch of the hepatic artery around the portal hilus was identified using color Doppler. After the Doppler sample volume was located in the branch of the hepatic artery, the time velocity wave of the Doppler signal was recorded^[@b11-kjim-19-3-165-6],\ [@b17-kjim-19-3-165-6])^. Also, color Doppler allowed for the identification of the main branches of the splenic artery at the splenic hilus. The time velocity wave was recorded after the Doppler sample volume was placed inside these vessels^[@b11-kjim-19-3-165-6])^. The PI of the hepatic and splenic arteries were determined using the same method as for the renal artery. The Doppler indices were estimated from the average of three repeated measurements.

3. Statistical analysis
-----------------------

All data are expressed as the mean ± SD. The Kaplan-Meier method and Cox proportional hazard regression analysis were used to investigate the survival analysis of patients with liver cirrhosis according to the hemodynamic parameters. A *p* value \<0.05 was considered significant. All statistics were analyzed using the SPSS version 10.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The survival rate was lower in patients with Child-Pugh scores of 10 points or more compared to those of less than 10 points (*p*=0.001) ([Figure 3A](#f3-kjim-19-3-165-6){ref-type="fig"}). Patients with MELD scores of 11 points or more showed bad prognosis compared with those below 11 points (*p*=0.007) ([Figure 3B](#f3-kjim-19-3-165-6){ref-type="fig"}). The prognosis was bad in patients with an HVPG of 15 mmHg or more compared with those of less than 15 mmHg (*p*=0.025) ([Figure 4A](#f4-kjim-19-3-165-6){ref-type="fig"}). The survival rate was lower in patients with a renal arterial PI of 1.14 or more compared with those of less than 1.14 (*p*=0.021) ([Figure 4B](#f4-kjim-19-3-165-6){ref-type="fig"}) ([Table 2](#t2-kjim-19-3-165-6){ref-type="table"}). The following hemodynamic variables did not correlate with shorter survival: mean arterial pressure (\<85 mmHg), heart rate (≥75), portal venous flow (≥700 mL/min), splenic venous flow (≥600 mL/min), hepatic arterial PI (≥1.30) and splenic arterial PI (≥1.10) (*p*\>0.05) ([Table 2](#t2-kjim-19-3-165-6){ref-type="table"}). In the Cox's proportional regression analysis, the Child-Pugh and Meld scores and the renal PI were related to the mortality of patients with liver cirrhosis ([Table 3](#t3-kjim-19-3-165-6){ref-type="table"}). The Child-Pugh and Meld scores were included separately in the multivariate analysis to avoid interaction due to their duplicate variables.

DISCUSSION
==========

Portal and systemic hemodynamic changes develop in most patients with liver cirrhosis^[@b6-kjim-19-3-165-6],\ [@b7-kjim-19-3-165-6])^. In liver cirrhosis, increased intrahepatic vascular resistance causes an increase in the portal pressure and portosystemic shunt^[@b11-kjim-19-3-165-6],\ [@b18-kjim-19-3-165-6])^. These changes induce hyperdynamic systemic circulation, such as increased cardiac output and decreased systemic vascular resistance. The hyperdynamic systemic circulation and an increased splanchnic flow lead to an increase in the portal inflow and maintenance of portal hypertension^[@b6-kjim-19-3-165-6],\ [@b7-kjim-19-3-165-6],\ [@b11-kjim-19-3-165-6])^. Therefore, portal hypertension in patients with liver cirrhosis is initiated by an increased intrahepatic vascular resistance and maintained by an increased portal inflow due to a hyperdynamic circulatory abnormality^[@b11-kjim-19-3-165-6],\ [@b18-kjim-19-3-165-6])^. In other words, changes in the portal and systemic hemodynamics are a causal sequence. Portal hypertension induces serious complications; in particular, variceal bleeding is a major cause of death with liver cirrhosis. These hemodynamic abnormalities can be profound in the end stage of liver cirrhosis. Hence, portal hypertension and its related hyperdynamic circulation are important for the survival prognosis of patients with liver cirrhosis^[@b8-kjim-19-3-165-6],\ [@b9-kjim-19-3-165-6],\ [@b12-kjim-19-3-165-6])^.

The Child-Pugh classification has been used for the prognosis of patients with liver cirrhosis^[@b19-kjim-19-3-165-6])^, but it has various defects, including a limited discriminatory ability and subjective interpretation in estimating ascites and encephalopathy^[@b1-kjim-19-3-165-6])^. Above all, factors for hemodynamic abnormality are excluded in the Child-Pugh classification. The MELD score, recently proposed for the prognosis of liver cirrhosis, uses the serum builirubin and creatinine levels, international normalized ratio for prothrombin time, and the etiology of liver disease^[@b1-kjim-19-3-165-6]--[@b3-kjim-19-3-165-6])^. The MELD score was designed to overcome the limitations of the Child-Pugh score in patients at the end stage of liver disease. However, even though the serum creatinine level is included in the MELD score, the effect of creatinine on hemodynamic abnormality is weak. Furthermore, despite an actual decrease in the glomerular filtration rate in patients with liver cirrhosis, most of these patients showed normal serum creatinine levels due to muscular atrophy and a poor nutritional status. Systemic and renal hemodynamic alternations are already present in the early phase of liver cirrhosis, when common renal function tests are normal^[@b14-kjim-19-3-165-6],\ [@b20-kjim-19-3-165-6])^. Hence, it is our opinion that additional factors are required to reflect hemodynamic abnormalities for an accurate prognosis.

The HVPG has been accepted as the gold-standard method for assessing the severity of portal hypertension^[@b11-kjim-19-3-165-6],\ [@b21-kjim-19-3-165-6])^. In our study, severe portal hypertension (HVPG≥15 mmHg) was of bad prognostic significance. Therefore, the HVPG measurement appears to be helpful in the prognosis of patients with liver cirrhosis. Besides the prognostic significance in liver cirrhosis, portal pressure measurements are necessary to determine the effects of pharmacological therapies on portal hypertension. It has been proved that a 20% reduction in the baseline HVPG following the administration of propranolol is associated with a low risk of variceal bleeding^[@b22-kjim-19-3-165-6])^. Therefore, it is our opinion that the HVPG measurement is reasonable for the prognostic value and treatment of patients with clinically significant sequelae of portal hypertension.

The methods used to investigate the portal and systemic hemodynamics through Doppler ultrasonography include: measuring the portal and splenic venous flows and the resistive index and PI of the hepatic, splenic and renal arteries^[@b7-kjim-19-3-165-6],\ [@b9-kjim-19-3-165-6],\ [@b11-kjim-19-3-165-6]--[@b17-kjim-19-3-165-6])^. Measurements of the resistive index and PI by Doppler ultrasonography can represent the arterial resistance. In the present study, the PI was used to estimate the arterial resistance as this is superior to the resistive index in terms of the accuracy of calculations^[@b14-kjim-19-3-165-6]--[@b16-kjim-19-3-165-6])^. Of the Doppler hemodynamic indices, a high renal arterial PI (≥1.14) was of bad prognostic significance in the present study. Renal dysfunction in patients with cirrhosis is considered a consequence of renal arterial vasoconstriction secondary to a decrease in the effective circulating volume^[@b9-kjim-19-3-165-6],\ [@b14-kjim-19-3-165-6])^. The degree of renal arterial constriction is directly proportional to that of the renal arterial resistance using Doppler ultrasonography^[@b14-kjim-19-3-165-6],\ [@b16-kjim-19-3-165-6])^. A decrease in the effective circulating volume can become profound in the end stage of liver cirrhosis^[@b9-kjim-19-3-165-6],[@b14-kjim-19-3-165-6],[@b16-kjim-19-3-165-6])^. Hence, it was natural that the parameter of a high renal arterial resistance was of bad prognostic significance in the present study. Our study suggests that the renal arterial PI, as measured by non-invasive Doppler ultrasonography, represent an important hemodynamic abnormality in liver cirrhosis, and can be used as a prognostic factor in these patients.

In conclusion, severe portal hypertension (HVPG≥15 mmHg) and high renal arterial resistance (renal arterial PI≥1.14) are hemodynamic factors of bad prognostic significance in patients with liver cirrhosis. It is concluded that the measurement of these hemodynamic indices may be helpful in the prognosis of liver cirrhosis and in prioritizing the allocation of liver transplantation in patients with liver cirrhosis.

![Measurement of the hepatic venous pressure gradient by right hepatic vein catheterization. Seven French balloon catheters were placed in the right hepatic vein to measure the free hepatic venous pressure (A), and the wedged hepatic venous pressure was measured by inflating the balloon catheter at the right hepatic vein (B).](kjim-19-3-165-6f1){#f1-kjim-19-3-165-6}

![In a Child-Pugh class A cirrhotic patient, Doppler ultrasonography shows a pulsatility index of 0.778 (A). In a Child-Pugh class C cirrhotic patient, Doppler ultrasonography shows a pulsatility index of 1.763 (B).](kjim-19-3-165-6f2){#f2-kjim-19-3-165-6}

![Comparison of the cumulative survival rates of a Child-Pugh (A) with a score of 10 and a model for end stage liver disease (MELD) with a score of 11 (B).](kjim-19-3-165-6f3){#f3-kjim-19-3-165-6}

![Comparison of the cumulative survival rates of a hepatic venous pressure gradient (HVPG) of 15 mmHg (A) and a renal arterial pulsatility index (PI) of 1.14 (B).](kjim-19-3-165-6f4){#f4-kjim-19-3-165-6}

###### 

Clinical Characteristics of the Study Subjects

  Characteristics         Patients (n=103)
  ----------------------- ------------------
  Age (year)              49.7±9.8
  Sex (male:female)       96:7
  Etiology of cirrhosis   
  Alcohol                 74 (71.8%)
  HBV or HCV              10 (9.7%)
  Combined                16 (15.5%)
  Cryptogenic             3 (2.9%)
  Child-Pugh class        
  A                       36 (35.0%)
  B                       49 (47.6%)
  C                       18 (17.5%)
  Child-Pugh score        7.7±1.9
  MELD score              11.8±4.3
  Survival                72 (69.9%)
  Death                   30 (29.1%)

HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for end stage liver disease.

###### 

Univariate analysis of the prognostic values

  Variables                    Log-Rank test   *p*-value
  ---------------------------- --------------- -----------
  HVPG ≥ 15                    5.06            0.025
  MAP \< 85 mmHg               2.27            0.132
  HR ≥ 75                      0.00            0.948
  PVF ≥ 700                    0.40            0.526
  SVF ≥ 600                    0.71            0.399
  Hepatic arterial PI ≥ 1.30   0.05            0.830
  Splenic arterial PI ≥ 1.10   0.61            0.436
  Renal arterial PI ≥ 1.14     5.36            0.021
  Child-Pugh score ≥ 10        14.76           0.001
  MELD score ≥ 11              7.23            0.007

HVPG, hepatic venous pressure gradient; MAP, mean arterial pressure; HR, heart rate; PVF, portal venous flow; SVF, splenic venous flow; PI, pulsatility index; MELD, model for end stage liver disease.

###### 

Multivariate analysis of the prognostic values

  Variables           B        S.E.    *p*-value
  ------------------- -------- ------- -----------
  Renal arterial PI   3.766    1.595   0.018
  HVPG                0.069    0.049   0.159
  MAP                 0.001    0.022   0.955
  HR                  0.028    0.016   0.079
  PVF                 0.000    0.001   0.706
  SVF                 0.000    0.001   0.745
  Age                 −0.035   0.027   0.188
  Child-Pugh score    0.436    0.145   0.003

PI, pulsatility index; HVPG, hepatic venous pressure gradient; MAP, mean arterial pressure; HR, heart rate; PVF, portal venous flow; SVF, splenic venous flow.
